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^ S^Rr #7}^ {An Electroporat ion Device 

Comprising a Tube or a Capillary} 

S. la 53 £ lbxr =§^£] #7]^ ^ofl Aj-g-sj^ ^ m = 

A]-^l ^o] 

£ 2^ ^Efl^ ^ 7 ]€^ if j| H ^,oiti ^KECM 830, BTX, 

£ 7^ ^7}^ S^-e]-^ ^71^^ Aj^Eflo} ^H^a]^ 

S- 8^r ^71^1^ X^-^l-^ ^7]^^ A]^^o] j^^U] ofl . 

^ 9^r ^7]^ 3E#*H=- #7}^ Aj^ufloj ^]3^A](^|. 

3E. 10^- #7]^ 3E^Hr *}7l^ Al^^S] ^]4^A]^]. 

£ ll£ 3E#*Rr ^ 7 ]^^ Al^uflo^ ^) 5 *UH]. 
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£ 12a £ £ 12b^ £ n}* *J7]^ ^ d7l€ ^ € Afl 

S3 4^^, AJis* ^Alc> (bright field)a ^ 

(a) ^ ^r#«l- Aj-^Kb). 

£ 13a ^ £ 13bfe ^Hfl^ ^]ofl ^7]^^ ^] 

% A ^^ A i. A|3E» ^Ajo K bright field)S A>^ (a) nj 

100 : ^7] ^ ^-,$71 200a, 200b : 

300, 300a, 300b : b^h] 400 : ^ 

500 : 600, 610 : ftx) ^ 

n** ^ J7l€ ^ ^i^, ^4 ^o. ^. ^ ^ 7] ^ 

o] ^ofl C^SH, Aj- 7 ] ^ ^ 7 j - 0*5:^ ^ OJ-B^ 

13^*) ^7] ^ ifl^dfl flfe ^ ^l*** ^ 
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^^^(electroporation)^, ^1^^* t^^M 7j$\£:X} 
(macromolecule)-I- #7} l^ofl q ]s _ ^ -<y^- 7 }^o)v}.. aj- 7 ] 

(electropermeabilization)-b <^Ei 7fx] A<?1H)1- ^o] ; ^ ^a] # 

^- <r. ^ ^ ^Hl ^^Vcf. 

^Hj-ofl ^ -fr^fc] ^^ofl #7)^ o]7f^7l £ la ^ £ 
lbofl SaJSM uysq. ~ 7fl2] ^ m ^ mQa ^ 2m)o] 

SL 2^ ^Efl ^7}^ #*\si\ ofls.^, ofloj* # 7] ^ ^(ECM 

830, BTX, ^oit^. 

^-g-ll- 3* ^-g-7.f#^ ^S] aV^-eH -M^^l-7] ufl^o 1 ] ) Aj^ 
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^(overpotentialH #7] ufl^ofl ( # 7] ^ H «Jr-g-^H-, 35* 

^7l^-o] $^§1-^ ^Cf. Cfl« ^ ^s 7f 
*S7l nfl^-ofl ^7l^-o] 2)] ^cf. 

^ ^ fit o] 7 |. §H ^71^^§V^ ZLS] 

71- fli*. tr^, 0)3 3. n ^ - ^ AflSi o ^ 7]€ ^ 7m 

<>1 ^JlSj-t]-. 

*r 5U*r <&n -R-*] #71 #21 o^uj-o,] oi 7>fJ . 
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2£«, £ 4>7l <fl7l«* S^fe ^71^ 
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tifB|(e|« M , T ^ ffife Y^-fl 5^W| ^^M, ^ 7 ) ^ 

#7] «y 7H>7l ^ ^ ^ ^ ^ ^ 

li t^7]; * ^-71 AlS.^- T^Hr e]7-]B]^- s^cf. 
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^« 7) . ^xj^. Aj- 7 j Bj^^ofl 7-^SH ^jg.^ 

^. 

^]5£# JSL^-SRr e)7^ofl ^Sj-fe cfTj); 

^} i$=Lt± ^1; 

^71 ^ ^^-a- Aj.71 ^o, ^ 7l Alas M . 

^71^1^ ^ ^ Aj-71 TiqEH ^sjo] oj- ^ 7] ^^j^o,, 

^ Ais. Lflsi ^71^^^ #31; ^ 

^71 # ifl-^ofl #^£]ol flfe AlJEL-i. Aj-7] <^-^ -frx] ^rf^- o^^H ^ 
Bl^tilS. ^1#§H 21 ^§H=r ^)» S^tW. 
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A oM ^d^S^ #7]2)CL3, o^cq ^o. ^ ^ 

Et « tt.03.fe £^]S Hfe Jfrig* Aj-g-^ ^oj ^ 



* 3 ^l** H^o] ^ofl* ^ajO. S ^l}, a. ^o] ^7, 

<fi>M«H oi-qcj.. ^tg^ ^ 

3Z)§>71 ^1^, ^OJ^ ^^ofl t^fe ^OJ^ ^tg^ 
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#*lb ^1 ^#*Hr ^71(100); #7l ^ 

3 2H*1(300a, 300b); 31 #7l Alus ^«l 7} . ^ ^ ( o,] # ^ , £ 

*fl# -^J (400)1- S-#*Vcf . 

#7l l^-o] ^^^(3^^ 300b) ^ ^. (400)ofl A ^ o^^t^ 

#7l l^-o] ai^^oooa, 300b)4|-ir #7] M7l^ ^l^jg. ^#^71 

*d^(200a, 200b)ol zj-z}- # W 6\ # 7] ^ (200a , 200b)*]! #7} 

#7l ^7^ #*1^ 5L*\m ]£fe ^4 ^ ^-(400); 3 ^- 7 1 

#(400)^ ^cH] ^^H, ^-71 ^(400)^1 ^« #71 Al^s. - 
W tfef **| ^^o SAi Al^l(6oo)# 

#7] ^71^}^ ^HlAi, Aj-71 ^(400)^ Aj-7] ^ o.^ -^- (6 00) 

■fir ?^ EK 5 00)o11 o,^ o,^^. #71 7^Ei(500)ofl^ *d^§- tffl* 

^ 91^ ^d^#<y^(520)7f SlJL, ^7] fit 017^7] fl« 3^(200 

b)°l #7] ^d^^^(520)ofl tf^oj #71 ^(400)^1 ^7} a] fig. 

5a-b #71 ^^(200b)^r #71 A]^ ^#*M1 ^Uf. 

#71 ^(400)^1 ^71 ?1^E-1(500) AH. $ #71 3^^^(500)4 #71 

-r^(600) Afo] fe <H^ (550)# 4|. SH <a^Al ? ji4. 
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£ 5^ ^ofl tcf^ ^7}^ #*HH cl^=L ^Efl^] ^^^1(500)^. A} 
-§-3Rr ^-f, #7l c^a. ^Bflo] ^^^(500)4 ^(400)ol <37lsH o}^ ^.g. 

#71 ^EflS] ^yiEi(500)^ AlS^. ^X\?] 7 ] ^ ^(510)0] 

°fl *§W\ 9X^r. ^#^(520)^ ^ofl %^s\o) #tt. £ 6 ofl £ 

*13<H 91^ ^o], 4>7l ^^Jfofl^ ^=.(2(X)b)ol LA *§ns. W$6\ 

fl°H. #71 #(400)3 ^» 7} Alas ^asjol oj- 730. ^ x d -(200b)^l # 

71 AlS^j- ^#§1-711 ^Cf. 

£ 7^r #71 #^1# |i ^7H1 ^li# ^71^^^ 

^71^ 7-fll^AHl^- ^ojcf. 

#71 ^71^^ A^B^^ ^ ^ ^71^^ ^71 ^ 

^ ^- (100); £ #71 A}a» 7-1^1-^ ^7-lHl(300)# S^Cf. 

>|3£-1- X^SRr AlS7> #71 e] 7-1 131(300)011 T^S^ ^o.^ ; ^. 7 | 

(300)*fl±r EEt« *}^-(200a)<>l #71 Alasf ^tttK #71 a]s 

^ ^(400)^1 ^^cl #7}<&t}. ole^v #BfloflAi ( ^ S (610)ofl *f 

a1?i*1(6oo)» -m a>**h, ^>7i ^(400)^1 m^fs # 

71 f^Al^cf. 

°1 «fl, #71 #(400)3 iflJf» Aj- 7 j AlaS ol^ofl ! Aj-7] A]s _ 7> # 

^5U^ 3*1*1* 34*q»l fc^fe B^S. A>-g-^ - £ o^. 
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^-(200a)^ #7] 7)^(500)41 W$\o] 5U^r ^^(200b) #7} o] 

7 ^-^> W ^(400) iflcfl ^ M]3iWr # 7] #^ - ox 
A. 

£ 8-$- *l7l^ SL^g-^ ^71^^ A^o] ^^AHlSAi, oj-^ 

^ = (600)* Al~g- W . ^(400)ol ^7] ?W(500)« 

#7i ^h(6oo)oii °i^i^t4. 

£ 9^7 ^7}^ #^1# 3L*MfHr ^71^^ A]^o] ^IS^AHl^, <^ 

-M ^^r^Ai *|*!(600)* *HrW. ifl-SM, ^(400)ol ^71 ^^e-1(500)# 

#7l ^(600)41 ^^€4. 

£ 10-gr #^1# SL^Hr ^71^ Aj^Bfl^ ^^aj]^ ^ 

Al-g^x] 0 >q^, ^--(200a)* ^(400)^1 3*41 ^^4. nj-ef^ , #7] 
^(400)5] oj^efl fl^fe ^(200a, 200b)^ ^ tHM (100)s] #71 

lit °J7>^- ^ 5Ucf. 

£ H-°r ^7]^^ #^1# ^71^^ A^Eflo] ^5^AH1 S ^ ( 

^ ^^o)l cfl§H ^^-tf. 
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M. ^ % o]^ 7l fl ^ f HEK _ 293 

= DNA pEGFP# ^<y*Hr A}-<g-g. ^sj^q. 

75> 1. >*flX 

HEK-293 xfla^S- 25cm 2 ifl4H 10% FBSS Ji** ufl^ 

vfl«0 mal, C0 2 vfloJH «fl<S=*H, 70% ^(confluency)^l 

Stf. o]* f Wfl^l# ^^j-Jl, PBS A]-g-§ H A^JL, 

^^^^rf(trypsinize). FBSs ^ € yfl^^- 7^]-ji, ^-g-elsj-^tj-. 

PBS ^f^S *fli£# ^afca, 10% FBSS «flxlufl6,iAi ^b^, 



>7> 2. ^71^^- 

?*> ^-71^- 4^ £aj -al^ HEK-293 HS. *)S.W: aj^ci^ 100M# 

ofl ^^4. aj-71 Ala ioo^ofl Ms>| #i^* ls . DNA pEGFP 3 ^ ^ 

iflS] ^tfjofl ^ZL^Cf. AJ-71 ^ w ^ W<H ^ Alaoii 

-g-onnj-oi ir<H ^ ^ ^ ^ 
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*1«W ft?}*} Ulrtt. €^ li ^ ^ ^ ^ ^ 

^71^ °J7> £ ^flc^fe 0.64kV/cm^ <fl7l** 4 0ms 

i0> 3. ^71^^-^ ^ 

3. #7lJl, till ^11- 7^S^. C0 2 ^l^HHolEl iflc^ # 7 ] ^S.^ yfl 

i2> 4. ^ ^ij- 

»> £ 12a ^ £ 12b^ ^ofl ffj.^. ^71^3^ o)^H ^e}^d)^. DNA 

pEGFP7> tffl^ HEK-293 4|3£^* ^v)^o.sL a^o]^. s. 12a^ ^o) 

*f 65 ifl^l 70%<>H, of 93% oi M-Ef^cf. 

"> £ 13a ^ £ 13bfe £ H JEA^ fl- Hf5f ^ ^71^^ ^1 

» *V8-*H 2^0. jg. ^sLA\ t DNA pEGFP7V 

HEK-293 *fl3£^» ^||o S a^c]-. E i 3a ^ u^o)^ ^o] 
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A l"§-*fe . ^HHfefl o^j-o} ^ #^o] -cg € _g_ 

7,€ ^- s - ^ 7 1^^ 4it -§-01^1 o. s ^-8-^- ^ sat)-. 

*e 7 ] ^-.ofl * ^ xd7l ^ 0] « s€cl . ^ Ai> ^ 

1*1 S^S A^frtf - fl^ ,^ol o.-^ x d ^ AV-g-^ 

S. ^ofl «^ t£^ o] £ ^ - 

2£*. ^*HI A^ A^o] ^ A]aa ^ Xj 7l ^^H J>]^ 
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«■ 4* 9X7} ^6]} Al^o] £^oj 7^ £0*^ ^^o] Ai a n>o. S£ ^oj 7^ 
Bi 7fl^ AlS-i- ^Alofl ^ oj^ 
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1] 

^71 ^*Fb 1^ ^71; 

^-7] AlS £ ^ *]Sfl-g-oJ}# ^o] y^y. ^ 

#7] AlSS ^^7). flfe ^-o. 

Mi?* 21 
[^?* 3] 

- ^ ^ ^ ^ **l 5L^*Rr ^lo S ^ 3 
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41 

*fl 3 %H1 fl*H, # 7 ] ^ Ao>7 , ^ ^ ^ 

Wi 1 * 5] 

<5M ^ m« 7 |- AlSS ^xlsjoj fl- 3^ Aj- 7 J ^-7] AlaiJ. ^ 

61 

1^*8" 71 

^ 4 ^ 5E^r 5 *ofl flo^, Ti^Ei^r #7l ^3Zj-Aj ?j 7 j 

« #oj qj^j tg^^o! oj- q^a. ^Eflo)^, a o v 7] ^^«y«L- 

3^3<H ^o. S *]■*=■ #7}#^ #*j. 

81 

^ 4 ^ JEE^r 5 *cH 5U°H, ^7] ^ 2.^ i£- -tijoj ^ b^o 
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Ml?* 9] 
WnFf 10] 

[^?* 111 

*3£* XtHrRr Also! 37]^ Oj 7f ^ ^j^cg. 

Aj-7] s^H, 

*7] i^ofl 7^5)<H flfe Also)] AJ-71 ^7]^^ ^o, ^ ^ 
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A 9X$r ^-Efloll^ # 7 ) oj-aj o.X\ ^cfcfl ^ *H #7] ^^7f #7] AlH. S ^ 

12] 

IS. yfl^lS)^ $l^r ^-g- ^^SLS. #7l#^ *}^. 

[^^S- 13] 

43L« JE^SRr AlS-Ofl #71 ^ o]7V^-o.S^ ^7l^o.S #^sj- 

45 HH1 ^«a^7l #7l#^ Al^o.^, 

4 5 *<H #7l#^ 5J 

#71 lif ^*Rr ^S7l# If^D], 

^1^.5. ^#£M # 7 ] #7]^ 4>7l #l=H*f SEcf^. #^. ol 

^7} #^1 #^ofl 5U^ #^J- ^71 Tl^E-lcll #<g£H ^ 

*M*I «7l lit ^7^ JLsL*1 , a 0 T- 71 ^ vfl^ ^#sq*] oj- Am ^ 
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mJt 1 * 14] 

3L^Hr x\g_m 3*1 «W *1#sRr ^l(a); 
<H 5^ Als6fl ^-zife ^(b); 

#71 ^7^o,l E ^ ^^g. #<3*H #71 AlSSq- ^l( d ); 
#71 5 * 0 H1 ^71^^- ^ ^un^ofl #<gs|<H oj- 

41 ^ Als vfl^l a|3E» ^l^^fe ^l(e); 

#71 * iflJMl flfe Al^ a o V 7 | oj-^ ol-g. §H cf^ 

el^^s oi^ H S^Rr ^l(f)« Stf*H? ^)JLJL SM^* « C V 

13^8" 151 

*0 14*<H1 #71 3*|i*N *}^t- #^§H #71 Aia^ 3* 

**Kd)» ^^§1-71 *}o)l, #71 A]sL7} #<H^ B^B^ ^Sfl-g-oJJoj 
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